Recent work shows not only the necessity of a 1/N c expansion to explain the observed mass spectrum of the lightest baryons, but also that at least two distinct large N c expansions, in which quarks transform under either the color fundamental or the two-index antisymmetric representation of SU(N c ), work comparably well. Here we show that the baryon magnetic moments do not support this ambivalence; they strongly prefer the color-fundamental 1/N c expansion, providing experimental evidence that nature decisively distinguishes among 1/N c expansions for this observable.
I. INTRODUCTION
The 1/N c expansion of QCD [1] associated with the strong interaction gauge group SU(N c ) has in the past few decades produced a remarkable number of insights into both the qualitative and semi-quantitative aspects of fundamental strong interaction physics. The existence of numerous narrow meson states, the preference of scattering processes for channels with a minimum number of intermediate hadronic states, the suppression of glueball-meson mixing, the heaviness of baryons compared to mesons, the baryon mass spectrum, and the existence of baryon resonance multiplets are findings that now belong to the litany of standard large N c hadronic lore.
The number N c of distinct color charges [or alternately, the rank of SU(N c )] is intrinsically linked to the number of valence quarks in the baryon, which was the key observation in the original proposal of the color quantum number [2] . One may naturally suppose that quarks, being the fundamental matter constituents of the baryons, each carry a unit of color charge in the fundamental (F) representation of SU(N c ), in the same way that spin- it carries a particular theoretical distinction. As shown in Ref. [3] , an orientifold equiva-
The construction of color-singlet baryon states from AS quarks, on the other hand, is neither obviously unique nor simple to express in closed form. Nevertheless, a construction exists [5] for any value of N c that combines N c (N c −1)/2 AS quarks into a form fully antisymmetric under the exchange of any two of them. For N c = 3, this expression reads 2) and for all N c the corresponding expression contains two Levi-Civita tensors. In both the F and AS cases, each allowed quark color combination appears precisely once in the wave function; these numbers are Nc [6, 7] is somewhat more subtle than in the F case; as an example, while the exchange of a single gluon between two F quarks introduces a factor of g 2 s ∝ 1/N c [1] , in order to maintain the color neutrality of the full baryon state in the interaction of two AS quarks, in a typical case a gluon must be exchanged between each of the quarks' two color lines, leading to a factor of g Indeed, in either large N c limit, an emergent spin-flavor symmetry [8] [9] [10] [11] collects baryon states into spin-flavor multiplets, and the baryon observables satisfy relations that hold to various orders in 1/N c . The ground-state multiplet for the three lightest (u, d, s) quark flavors is the large N c generalization of the old SU(6) 56-plet containing the familiar spin- 1 2 octet and spin- 3 2 decuplet baryons. The full analysis of the mass spectrum of this multiplet in the 1/N F c expansion appeared many years ago in Refs. [12] , with the result that each operator expected to contribute to the observed baryon masses at a given order 1/N n c does indeed produce an effect equal to 1/3 n times a coefficient of order unity. Ignoring the N c = 3 suppressions imposed by the 1/N F c expansion leads to a far worse accounting of the experimental mass spectrum.
Recently, the same techniques as in Refs. [12] were applied to the ground-state baryon masses using the 1/N AS c expansion [13] . Following the scaling and counting arguments discussed above, one might naively expect that changing from the 1/N Baryon magnetic moments in the 1/N F c expansion were first considered in Refs. [14] [15] [16] . In each case, a set of operators considered physically most significant to the observables were included while others were neglected. Further work focused on the ∆ → Nγ transition [17] .
A complete basis in the 1/N F c expansion was not produced until much later, in Ref. [18] . This work explored two 1/N F c expansion variants: one in which the sole parameter organizing the expansion is 1/N c , and one a more physical single-photon ansatz, in which the flavor structure respects that magnetic moments involve couplings of a baryon to a single photon at lowest order, and thus each quark should couple proportionally to its electric charge.
In this paper we work entirely within the single-photon ansatz and compute matrix elements of a set of operators truncated at a consistent order in both the 1/N F c and 1/N AS c expansions. While Ref. [18] shows that one may compute a complete set of operator matrix elements, a full analysis such as performed for the masses is not currently possible since many of the baryon magnetic moments (particularly for the decuplet and strange decuplet-octet transitions) remain unmeasured. As a result, we produce a fit to coefficients at as high of an order in the 1/N c expansions as possible, given current data. As shown below, the fits in the This paper is organized as follows: In Sec. II we reprise the operator basis for the 1/N F c expansion used in Ref. [18] , both for the pure and single-photon ansatz 1/N c expansions.
In Sec. III we detail the modifications necessary to carry out the analogous analysis in the 1/N AS c expansion. Results of fits to magnetic moment observables and a discussion of their significance appear in Sec. IV, and we summarize in Sec. V.
II. OPERATOR BASES
The enumeration of independent baryon magnetic moment operators and the calculation of their matrix elements in the 1/N F c expansion are discussed in detail in Secs. II and III of Ref. [18] . We summarize here the essential points, inasmuch as they are germane to providing a point of comparison to the calculation in the 1/N AS c case to be described in the next section.
The method by which observables classified by their spin-flavor properties can be calculated for the ground-state multiplet of baryons in the 1/N c expansion has been understood for many years, in the current context dating back to Ref. [19] , with similar approaches ap-pearing in Refs. [11, 20] . One defines a complete set of spin, flavor, and spin-flavor operators that act upon the quarks comprising the baryon using the building blocks: Many of the operators produced in this fashion are linearly dependent, particularly when acting upon the completely symmetric ground-state multiplet (For example, any operator acting antisymmetrically on two quarks annihilates such states). The full operator reduction rule for removing all such superfluous operators acting upon the ground-state multiplet appears in Ref. [19] , and has already been applied to the set of operators appearing here.
Once the basis is established, one must take into account both explicit and implicit factors of N c . The explicit powers arise as overall scaling due to the 't Hooft power counting; an n-body operator requires at minimum the exchange of (n − Table I of Ref. [18] , and is reproduced for convenience as Table I here. One notes that the list contains precisely 27 operators, which matches the number of baryon magnetic moment observables in the ground-state multiplet of spin- However, as indicated above we adopt a different organization of the operator basis, founded on the physical assumption (the single-photon ansatz) that the quarks in any magnetic moment operator couple proportionally to their electric charges. That is, one assumes the magnetic moment operator couples to a single photon through the flavor combinations
Under this assumption, the only operators appearing up to 3-body level (obtained as linear combinations of those in Table I ) with no other source of SU(3) flavor breaking are given by [18] 
Even for the operators in this category, the couplings are still assumed to follow the singlephoton ansatz and therefore either include one Q or G 3Q operator, or one power of the strange quark charge q s . At O(ε 1 N 0 c ), one then obtains the additional operators: 6) and at O(ε 1 N −1 c ), one finds the operators: The operators O 1,2,. ..,12 were defined in Ref. [18] . While their matrix elements evaluated on the 27 observables for N c = 3 form a rank-12 matrix (and hence are independent), they were not explicitly tabulated in Ref. [18] , and it was not noticed at the time that two combinations of them are demotable. To wit, In fact, only two changes need to be made in order to apply the results of the previous 
(N c − 9) 0 0
(N c − 9) 0 0 
IV. RESULTS OF FITS TO MEASURED MOMENTS
While the ground-state baryon multiplet contains 27 magnetic moment observables, many of them have never been measured chiefly due to the fact that most of the decuplet states are strongly decaying resonances, for which detecting electromagnetic processes is extremely difficult. 9 are tabulated in the Review of Particle Physics [22] : magnetic moments of 7 of the 8 octet baryons (µ Σ 0 is unknown), the Ω − , and the Σ 0 Λ transition moment. The ∆ + p transition moment can be extracted from the ∆ → Nγ helicity amplitudes and is found to be µ ∆ + p = 3.51±0.09 µ N . We also use the extracted value µ ∆ ++ = 6.14±0.51 µ N [23] , which is not the sole value used in Ref. [22] and is obtained from an analysis of data that has some model dependence, but the extraction performed respects both gauge invariance and the finite ∆ ++ width. The tabulated ∆ + moment value [24] , µ ∆ + = 2.7
µ N has such a large theoretical uncertainty that we do not use it in our fits. The fit values for the coefficients given in Table V may be used to predict all 16 unknown magnetic moment observables, as done in Ref. [18] ; the results are compiled in Table VIII [29] . The difference is that the operator basis has been fit here including effects of
c ) in Ref. [18] , and so the theoretical uncertainty for the best-determined moments here is O(
For the strange decuplet moments or strange decuplet-octet transitions, however, at least one of the combinations (− Table VIII improve upon, and in almost all cases agree within 1σ with, the results in Table XI of Ref. [18] .
Since we fit 9 operator coefficients using 11 observables, one can also investigate the two magnetic moment combinations satisfied by all the operators. One of them has been known since the early days of heavy baryon chiral perturbation theory [25] : While it is tempting to ascribe a superior agreement to the 1/N F c expansion, in fact the central experimental value is only 1.6σ from zero (due almost entirely to the large µ Σ 0 Λ uncertainty), so that neither expansion is particularly favored for this single result. This conclusion is even more stark for the other relation:
for which the experimental value (−1.30 ± 0.56)µ N converts to the ratio −0.029 ± 0.012. In this case, the central value is about 2.3σ from zero, and the 1/N F c expansion is somewhat preferred; reducing the large µ ∆ ++ uncertainty would sharpen this conclusion.
V. CONCLUSIONS
The remarkable fact that the baryon mass spectrum not only requires a 1/N c expansion in order to explain the size of its suppressed combinations but works about as well for more than one such possible expansion-1/N Moreover, numerous coefficients in a fit that entirely ignores the 1/N c expansion are highly suppressed, mandating a 1/N c expansion in order to satisfy the naturalness criterion.
Such a result might seem surprising; after all, the baryon mass data set is more complete than that of the magnetic moments. However, as remarked above, the mass spectrum of the new analysis. Should the measured but less well-known moments, particularly µ Σ 0 Λ , µ ∆ ++ , and µ ∆ + , receive renewed experimental scrutiny, and should more radiative decays of strange decuplet baryons be observed [26] and analyzed [27] , the 1/N c expansion will be subject to ever more precise tests of its applicability.
